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MAGNETRON REACTOR FOR PROVIDING 
A HIGH DENSITY, INDUCTIVELY COUPLED 

PLASMA SOURCE FOR SPUTTERING 
METAL AND DIELECTRIC FILMS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to plasma processing of a 
Substrate. More particularly, the present invention relates to 
a reactor apparatus for providing a high density plasma 
Source for Sputtering metal and dielectric films onto a 
Substrate. 

2. Description of the Prior Art 
Magnetron Sputtering is a known method of physical 

vapor deposition (PVD) for forming thin films on Substrates 
of a variety of types. Magnetron Sputtering is generally 
accomplished by creating a plasma within a vacuum cham 
ber adjacent to the Surface of a Sputter target. The plasma is 
formed in a Support gas introduced into the chamber at a 
very low pressure. A reactive gas may also be introduced 
into the chamber. An electrical potential is created within the 
Vacuum chamber between the Sputter target that is usually 
cathodic and an anode. The electric field generated by the 
potential causes the Support gas to be ionized, thereby 
forming the plasma. A magnetic field is also provided to 
confine the plasma discharge. The magnetic field traps 
electrons So as to increase the number of collisions between 
the electrons and the Support gas atoms. This, in turn, 
increases the ion population and intensifies the plasma. 

Magnetron Sputtering has become widely used in the 
Semiconductor industry to deposit metallization layers in 
Semiconductor devices. Because the dimensions of Semi 
conductor devices have been reduced Substantially over the 
years and the Size of Semiconductor wafers used to make 
Such Semiconductor devices has increased during the same 
period, the demands for precision Sputtering have increased. 
Precision Sputtering requires the generation and control of a 
high density plasma. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an 
apparatus for generating and controlling a high density 
plasma within a plasma chamber for Sputtering metal and 
dielectric films. 

This object is accomplished, at least in part, by a plasma 
reactor for Sputtering metal and dielectric materials. The 
reactor comprises a plasma reactor chamber that is adapted 
for receiving a processing gas in the chamber and is further 
adapted for connection to an evacuation Source. A direct 
current driven magnetron is positioned within the reactor 
chamber. The magnetron is adapted to hold a Sputtering 
target. A direct current (DC) power Source is connected to 
the magnetron. A movable Substrate Supporting pedestal, 
adapted to hold a Substrate, is positioned within the reactor 
and is movable So as to place the Substrate Sufficiently 
proximate to the Sputtering target to enable deposition of 
Sputter products. The Substrate pedestal is connected to a 
first radio frequency signal Source through an impedence 
matchbox having a phase shifting adjustment means. To 
provide a high density inductively coupled plasma, a radio 
frequency antenna, having a Substrate end, is positioned 
about the chamber. The antenna is connected to a Second 
radio frequency Signal Source through an impedence match 
box. The reactor of the present invention also includes an 
electromagnetic coil that is positioned around and adjacent 
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2 
to the Substrate end of the radio frequency antenna. The coil 
is connected to a DC power Supply. 

Other objects and advantages of the present invention will 
become apparent to those skilled in the art from the follow 
ing detailed description read in conjunction with the 
attached drawing and claims appended hereto. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a Schematic diagrams illustrating the reactor 
apparatus embodying the present invention; and 

FIG. 2 is an Orthogonal graphic illustration of the elec 
trical and magnetic fields for the high density plasmas 
generated by the apparatus of the present invention. 

DETAILED DESCRIPTION OF THE PRESENT 
INVENTION 

Referring to FIG. 1, according to the present invention, a 
plasma reactor 10 for providing a high density plasma, on 
the order of about 10' ions per cm', for sputtering metal and 
dielectric films onto a Substrate, includes a plasma reactor 
chamber 12 that is fitted with a gas inlet 14 for receiving a 
processing gas into the chamber 12. The type of processing 
gas used in the plasma reactor of the present invention will 
vary according to the type of processing to be performed by 
the plasma reactor. For example, argon may be used for 
metal Sputtering while oxygen or nitrogen may be used for 
reactive dielectric Sputtering. AS explained further below, 
the processing gas introduced into the reactive chamber may 
be ionized into three plasma regions in the chamber 12 (FIG. 
2, P, P and Ps) by the reactor 10. In addition to the gas inlet 
14, the chamber 12 is further provided with a outlet conduit 
16 for connecting the chamber to an evacuation Source, Such 
as Vacuum pump 17. The evacuation Source should be 
Sufficient to enable a very low operating pressure in the 
chamber in the range of about 1 to 50 mTorr, which is 
usually Sufficient for maintenance of a high density plasma 
on the order of about 10' ions per cm. 
The reactor further includes a magnetron 18 positioned 

within the reactor chamber 12 near its top end. The mag 
netron 18 is conventionally adapted to hold a Sputtering 
target 20 adjacent thereto and is connected to a DC Signal 
Source (not shown) that may be continuous or pulsing. The 
material forming the target 20 may be selected from any type 
of metal typically used for Sputtering including aluminum, 
copper, tantalum, titanium or tungsten, for example. A 
ground shield 22 is positioned within the chamber around 
the magnetron 18 and the Sputtering target 20. The magne 
tron 18 may either be a Static planar magnetron or a rotating 
magnetron, as required. 
A movable Substrate pedestal 24, having a means, Such as 

clamps, for holding a Substrate 26, is positioned within the 
reactor chamber 12 near its bottom end. The pedestal is 
continuously movable between a bottom or low position L 
and a top or high position H so that the substrate 26 held 
thereby can be positioned Sufficiently proximate to the 
Sputtering target 20 to obtain a Suitable target-to-Substrate 
distance to enable deposition of Sputter products onto the 
substrate 26. Those skilled in the art will appreciate that the 
target-to-Substrate distance is typically chosen on the basis 
of the particular plasma processing conditions, Such as 
preSSure, target material and type of magnetron, used for the 
Sputter deposition process. A ground Shield 29 may be 
provided below the substrate 26 held by pedestal 24. 

In addition to being continuously movable between low 
and high positions, the pedestal 24 is connected to a first 
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radio frequency (RF) Signal Source 28 through a an imped 
ance matchbox 30. The impedance matchbox 30 is further 
provided with a phase shifter 32. The phase shifter 32 
permits regulation of the phase angle of the first radio 
frequency Signal from the Source 28 relative to a Second 
radio frequency Signal. Preferably, the first radio frequency 
Signal Source 28 is capable of providing a radio frequency 
signal at about 13.56 MHz. If desired, the pedestal 24 may 
be configured to control the temperature of the substrate 26 
by providing passages (not shown) in the pedestal for 
flowing a fluid, Such as water, or a gas, Such as helium. 
To obtain an inductively coupled plasma Source within the 

chamber 12, the reactor 10 of the present invention is further 
fitted with a radio frequency antenna 34 positioned about the 
chamber 12. The antenna 34 can be temperature controlled 
by a flow of liquid, Such as water or other Suitable cooling 
medium, through provided cooling passages (not shown). 
The antenna 34 has a Substrate end 36 and is connected to 
a Second radio frequency Signal Source 38, preferably 
through an impedance matchbox 40. Like the first radio 
frequency Signal Source 28, the Second radio frequency 
Signal Source 38 is also capable of providing a radio fre 
quency signal at about 13.56 MHz. The substrate end 36 of 
the antenna 34 is preferably positioned to be approximately 
just above the top limit of the range of motion of the pedestal 
26. 

According to the present invention, an electromagnetic 
coil 42 is disposed around the antenna 34 adjacent to its 
substrate end 36. The coil 42 is connected to a DC power 
Supply Source 44 and is configured through an appropriate 
number of turns of the coil and by the DC power supplied 
thereto, to provide a desired magnetic field inside the reactor 
chamber. The electromagnetic coil may also be temperature 
controlled by flowing gas or liquid. Those skilled in the art 
will appreciate that the magnetic field created by the coil 42 
is controllable by varying the DC power from power supply 
Source 44. 

Referring to FIG.2, under one set of operating conditions, 
the reactor of the present invention can provide up to three 
plasma regions P, P and P. The first plasma region P is 
created adjacent to the magnetron and is influenced by the 
magnetic field B and electrical field E. The Second 
plasma P is the inductively coupled high density plasma 
generated just above the substrate 26. The inductively 
coupled high density plasma is influenced by the magnetic 
field B of the radio frequency antenna and the magnetic 
field B, of the electromagnetic coil as well as the electrical 
fields E and E. The high density inductively coupled 
plasma in region P allows reactant Species to flow more 
uniformly acroSS the Substrate 26. The electromagnetic 
fields are used to control the plasma density as well as 
provide directionality to the Species depositing on the Sub 
Strate 26. The ionization of the inductively coupled plasma 
is more efficient because it reduces energy losses to the 
reactor chamber wall. Also, by cooling the antenna and 
providing the magnetic and electrical fields of the electro 
magnetic coil, the electron temperature can be increased 
which raises the density of electrons. This, in turn, increases 
the rate of ionization of the metal Sputtered neutrals. The 
third plasma P region is provided adjacent to the Substrate 
26. The third plasma P is influenced by substrate biasing E. 
caused by phase shifting, the Signal from the first radio 
frequency relative to the Signal from the Second radio 
frequency Source. Metal can be deposited with control by 
Substrate biasing. 
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4 
The reactor of the present invention can be used to deposit 

metal layers for a variety of purposes. For example, metal 
layerS may be deposited for interconnections or barrier 
layers in integrated circuit wafer fabrication. The reactor 
may also be used to provide metal layers for 
interconnections, coils, poles and shields for inductive, 
magnetoresistive and giant magnetoresistive heads in the 
thin film head industry. 
The reactor of the present invention may also be used to 

deposit dielectric films, Such as Al-O, AlN, Al-ON, TaN, 
WN, and TiN, for example, by way of reactive sputering 
with a reactive gas Such as nitrogen or oxygen. TaN and TiN 
materials are used in conjunction with metal layers in 
Semiconductors and thin film head industries for diffusion, 
barrier and anti-refractive layers. Dielectric films suitable 
for the optical coating industry can also be provided with the 
reactor of the present invention. 

It will thus be seen that the objects and advantages Set 
forth above and those made apparent from the preceding 
descriptions, are efficiently attained and, Since certain 
changes may be made in the above construction without 
departing from the Scope of the invention, it is intended that 
the matter contained in the above description or shown in the 
accompanying drawings shall be interpreted as illustrative 
and not in a limiting Sense. It is also to be understood that 
the following claims are intended to cover all of the generic 
and Specific features of the invention herein described, and 
all Statements of the Scope of the invention which, as a 
matter of language, might be said to fall therebetween. 
What is claimed is: 
1. A plasma reactor for Sputtering metals and dielectric 

films, the reactor comprising: 
a plasma reactor chamber adapted for receiving a pro 

cessing gas in the chamber and adapted for connection 
to an evacuation Source; 

a direct current (DC) driven magnetron positioned within 
the reactor chamber, the magnetron being adapted to 
hold a Sputtering target; 

a DC Signal Source connected to the magnetron; 
a movable Substrate Supporting pedestal adapted to hold a 

Substrate, positioned within the reactor chamber and 
movable So as to place the Substrate Sufficiently proxi 
mate to the Sputtering target to enable deposition of 
Sputter products onto the Substrate; 

a first radio frequency Signal Source connected to the 
Substrate pedestal via a first radio frequency match box 
having a phase shifting adjustment means, 

a radio frequency antenna positioned about the chamber, 
the antenna having a Substrate end; 

a Second radio frequency signal Source connected to the 
radio frequency antenna Via a Second radio frequency 
match box; 

an electromagnetic coil disposed around the antenna 
adjacent to its Substrate end; and 

a DC power Supply connected to the electromagnetic coil. 
2. The reactor according to claim 1, wherein the DC Signal 

Source connected to the magnetron is a pulsing DC Signal 
SOCC. 

3. The reactor according to claim 1, wherein the DC Signal 
Source connected to the magnetron is a continuous DC 
Signal Source. 
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4. The reactor according to claim 1, wherein the Substrate 
pedestal is cooled. 

5. The reactor according to claim 1, wherein the antenna 
is cooled. 

6. The reactor according to claim 5, wherein the electro 
magnetic coil is cooled. 

7. The reactor according to claim 6, wherein the pedestal 
is cooled. 

6 
8. The reactor according to claim 1, wherein the electro 

magnetic coil is cooled. 
9. The reactor according to claim 1, wherein the magne 

tron is a rotating magnetron. 
10. The reactor according to claim 1, wherein the mag 

netron is a rotating magnetron and the DC Signal Source 
connected to the magnetron is a pulsing DC signal Source. 
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